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Foundation under NASA Co-operative Agreement No. NCC 2-81, "Synthesis, 
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Characterization and Polymerization of Fluorocarbon Ether Elastomers." 
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The investigations were carried out during the period from October 1, 

■ -. . ;. . .. . . . - / . ;• • 

'>'•1980 to December 10, 1982 by Dr. C. H. Cheng, Mr. M. Taylor and - 1 *'* 

; ' ' ' ' " 

Dr. Timothy S. Chen, principal investigator. This co-operative agreement 


was administered by NASA Ames Research Center with Dr. Robert W. 


Rosser as project monitor. 
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Pcr(luoroalkylcnc«thcr Trlanlne Elascomcrs(l) ’ 

'->• ■’ OF pooiMau^ 
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. >#%,• — 7-S. * V >&«* 7- *51 

' ’* ' ’ *V. .. ‘ ' 

111 torts to synthesize hij;h- temperature t* l.isl «'«n*sv. intense in ext nine 

envi toiucut.s have he n cent iiiumy over the past du'iiik'. Midcl studi'-s utilizing 

* .* ’,>• * 

heterocyclic rinp.:; with I luornnlkylcthcr ;iik! I luoroalky l ether suh ;t i t tn.nl s 

* ' V • f „ 

iuve clearly- shown t(ut properly substituted I,.!, I oxadiazOIr and 1,3,5 tViazino" 

. *>V * 

vu»i; 4 J when organized into a polymeric system should lead to thermally, oxidatively 

. ' • f * * 4 * 

and hydrolytically stable elastomers (1,2). Initial at tempts t.e synthesize 

- ‘.J. . ’’ JM 

polymcis having an adequate no 1 ecu I at* weight between crosslinks were couplixl 

* * . . « 

by a high sensitivity toward reaction condition;. 

Urcentlv, we ha»*e shown that pciTluoroalkylcllw r oxa lia.-.ole elastomers 
exhihj. pood thettr.il oxui.it ive and hydrolytic stability as well as low- temperature 
flex ihi 1 j tv (a,-t). a method was also fotirnl to synl'ic* i..e jHM*riuoroalkvU:ther triazi.? 
elastomers having slightly hotter thermal ptopert i es than the oxad i a.*.i> 1 e j 
however , the reaction sixpietiee lor making tin* triaaine was hot entirely satisfactory 

• 4 • , 

as the prc-j'olymer cha in- lenjjt it was difficult to control and reproduce^** ‘Moreover, 
the resulting ixtlymet man i test *1 hydrolytic instahility due to the particular agent 

... b -j,/ . * 

utilized i n the ring* closing step. ••• '.-*' •; * 

In this article, we wish to rojxirt an improved procedure for making 

peri luoroalky let her t r wiz ine elastomers, and, mote spcci f teal ly, the synthesis 

C' 

of 2,4-pt?rl]iioruaJkv!cihcr*n*pcrl luoroalky I ether triazine having t!te following 

/ • — , S 4 

repeal inj* unit: 



• 'f J • % • ‘ •• •* •• ‘ N- 
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*v. • T 1 • -v. . • . * • ^ 1 • ■ . * ^ •. ^4r» /* f . ’■ . jA* t«r.V 

Hie stringent r*H|Ui rtweni sf't'f fuel-tank sea butt s' Tor fur lire supersnttTeV* ^ , > 

... . . • • • - - •: ■ . S 

aircraft has been st unulnt hip, the search for the past decade. Pc r fl none* ikyl ether 

• ’• . ’ \ V * v • • 

• . f * \i' . t \ • . • *• _ 

. oxadi azoic elastomer; (I 1 ) have been synthc i:;.e«l aiul exhibit jjtxvl thermal , 

oxidative, hydrolytic stability, low glass t -s .««»•■ i I i»*n t -'i:it-t.rariire:;, and . ciu.uiii at . 

• '•• • •- / - '• • . 
inertness, However, attempt:. to increase l V rim in I* ngth between run ’cross I inks 

•• .*4 ,*v •; r* • S,.,, . " 

for good physical an* l mechanical properties have been. crippled by r lie hip.lt .. 

“ i, ‘. • ‘ t • . ' .u! V.;. 

• ’ _ ... P+. -~ J. i - 

sensitivity toward rone lion Conditions. Recently llu- relatively high no Uvular .. 
weight peril unreal ky let her oxadi azoic elastomers Itave been obtained (3,-U and 
gave pood thermal, oxidative, hydrolytic stability as well as low temperature • 

• flexibility. . . 

Another thermal stable 2.6-porfluoronlkylclher tri fluort.xaer.hyl trinziuu 
elastomers were synt lies i zed (.S) and differed from porfluoronlkylcther oxadi azole 
. elastomers hv 'using iriarine r i no. as chain -ex lens ion linkage instead of oxndiazolc 
ring. T!te result ga*v somewhat Iietier physiol and the nasi properties; however, 1 * 
it resulted in a hydrolytically mutable elastomer tlue f.o the particular ring 

x * i 1 •* . 

• •; ' %. .► 

closing agent. Moreover, it was very JilTicull It* control the pivpolymer 

chain- length, due to a process which exhibiited reproducibility problems. .* ' - r 

In this article wvv.i li t < t opart *il.e y:itb< , >***v of ^/^v^'I'erriuoiVia! kylctivcr 

r\ • . . * * ’ * 

•••»*'• 71 •' * ' * * 

lria;.:i:c ei.istictK'r*. t-xLn the to I Iov»iig repoat mp. unit 
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Th i :» new method givbs elastomers with high thermal :nui oxidative we have > . '" r - 

.... . . 

“* . *'* > j,, - '’’: . »*" t r -**v'* r * 

^ichicvcd a better preceding [uopert ies and with the. use of a branched ring'closliifi' £ 
rcagoiitjf’a much improved hydro I yi ic .stability. In addition we arc able, t" obtain *' ./ 

/\ ' ’ V 

* - * . • . ; “V V> 

' reproducible and con: i stent physical and mechanical proporlv. Uhile retaining a 

’ ' .. . ‘ • \ 

'glass transition Uuqoraluro (Tg) !J l 15 C. Thus, this process provides, a way to 

control molecular weights according to the pat l ieiil.tr physical pr«»;»orl ies desired. 

•» ‘ , ■ *' .i* ‘ . ' • * * * * * 

' .... • • ••-. . ' “• O' ’ • 

•< " IL\ ivr intent a 1 ' ... .. 

t ‘ -• *■* 

• • All Infrared ( 11 **) spectra were recorded on a Nicole^ MX- 1 , IT - 111 Spectrometer. 
Thcrmograviinot ry measurement s were: recorded with the f\il’or.t Instruments. l'f» 1 

thcmogiuviinetry analyzer aiui t>‘K) thermal anaSy.-.er. Class transition temj>o natures 

•/* » 

(Tg) were obtained with a IkilYmt differential scanniay. calorimetry (lUlfT) cell and 

1000 thermal analyze!. All gel permeation cl noun tog raphe measurement s were done 

with a Waters Associates Al.ll-Cl’l! 202/101 liquid chromatograph equipped with 

SpoCt ra- Physics SI* 1020 data interface, SO 40 IV.I center processor imit.and Si* 4000 

printer and plotter. The S-P system was ptvgraimicd to correct for baseline and to 

compute the average nn locular weight by imputtiug known calibration points. 

Separations were obtained by using I'uIVnt size exclusion (SI!) col wins and detected 

by Waters Associates differential IJV dectector at 2. r >5 win nr differential rcfractoir.ctcr 

r.» t • r 

R 401 in Freon 113 solut ion ( 7 ). Cas chrom.it \e.raphy results were obtained with a 
I lewlel'* Packard Model f.d 3 U gas chromatograph. ' • 

1 , 1 , 2 -Triehloio I - 1 ri I Umio other il mm l! : l jmrclwised from 
Fischer .'Icient i f ic limipauy and distil It'd from a 1 ft .oiuiiui of I i seller Scientific 
6 mm porcelain borl* s.nldes at IN u t;. IVrfluoroal kylothor diacidc fluorides (I;IVU ! ) 
were purchased from I'll Inc., and Tec hitec hemic ((Mill, West llonnany) . Ilc.xaf I uoropropy l* 
c|K).\i<li' was obtained from IMil'ont do Nemours ami to. without, further jn.it* i I* ication. 

Other uiemicals wore Mthi-r analytical grade or hotter. - ~ • 
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Propa rat ion of r crJh in run I hv lot he r ac.id II n o ru le (ly (1 -P) 

To u 1000 ml two-neck flask was added in gm of sodium Tlnride, 10 gm of , t 

* 

cesium fluoride (both wore dried at 2l)0°l! overnight) and 20 -in I of tot. rag I pile 
(Bis (2- (2*meihoxy*el boxy clhyljcthcr) . Then liexal'lnoropropylone epoxide was 
condensed (2-3 ml/min) Into the flask wit'll vigorous st. i trine.. After 10-20 min 
induction time the solution became slightly exothermic indicating that the 

j- „• • ...... • «r*V . v v •, 

• r - v -v ;*• **-v . •*> • . • * 5 , • 

reaction had been initiated. Addit ion of liuuid hexal'luoropropylenc cj/uiiUt was > 

• » 

continued until the flask was filled to 2/3 of its capacity. The solution 

distillation of yield.d three fractions which were collected and identified by 
gas chromatography in Table 1. 

Analytical data; lit (film) 

lsStt, 1 87i) cm’ 1 


I -I lUl- llir.O c::t 


l 


(OP) 


Pre paration of ivu-fi uor oalky letli er aci d (it . i Ct X M It 

To SO gm of ])ori'luoroalkylethcr acid fluoride was added 10 ml of li a 0. The 
mixture was then stirred Jbr one hr. lixccss 11,0 was removed by drying at 120°C 
under vacuiin overnight. -17 gm of porfluoroalkylcther acid was obtained. »v.. 

Analytical data: lit (film) 

1780 cm' 1 (-C=«) 1*100-1050 cm* 1 (C-P) 

33UO-2POO cm' 1 (1111) • .... 

Propn mi i on of p-Tl'Iuorna I hvj et her ac id anhydr i_Je_ 

To 2ll(J gm of ]<er' liuuoalkylelher acid was avkled Inn gm of phosphorous 
pentaoxide (P 7 U f ). The mixture was healed at IS()”t! lor at least It* hrs. and then 
vacuum dint i 1 led. isn gu ot perf luujoalkylether acid anhydride was collected 
(8S°tyiM mm llg - I2ll°iyu.r. lun I !;•/). ‘‘ 

Analytical tLita* lit tliliii) 

ih.:;. util, cm ' 1 ( C*o) v • 
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Preparation of | , orrinu r oalkylother dinnido (1^.- iTt'MI..) ? ) 

x * y . 

- • k * 

To 2()0 pm of pet fluoroaikylether diacid fluoride was added 1.5(1 ml of I' icon 
113. Amnoniu was t In n condensed into the solution with vi porous st irrint*. The 
reaction was exothermic and completed after the temperature of the solution cooled 
down by excess liquid. The ML. solution was then fillet's! to remove tie.: awsu-iuita 
fluoride and Freon 113 was then r»wovod on a rotary eva|>o rotor. l‘*n ;-m ui 
perfhnroalkyl 'ether ‘diamide was ceUccted willuut further puri fication. 

Analytical data: IK (film) 3500 eta 3liO-3-l5(V:.ij (N’-rt 

1730-1750, InOdcm* (t: 0) MOO- l05(.Vn' 1 (C-F) 

Preparation of rerflum .nl kvlether dinit rile iNV K ■ ( - \ ) 

To 200 pm of per fluoroalV.yl ether diamide in a 500 nl round bottom flask 
was added 200 pm of plur-phous pent aoxido (P,0 r ). The mixture then was mixed 
thoroughly and then heated at .’.PU 0 C for at least 21 his. Perfluoroal .kvlether 
dinit vile was vacuum distilled ;iik) two fractions were collected. The ‘first 
fraction was collected at 25°d at 760 mm lip to S0°C at 20 n:n lip ( 30 gm) and 
t lie second fraction was cul'ceted from 80°C at 20 inn lip. to 1 30°C tit. 0.5 mm lip (140g) 
Gas chromatography indicated that the lower boiling materials contained molecular 
weight fractions corv ^sjvmdini; to M*M<2 and the higher boiling materials contained 
fractions eorvesjviiul i n> to N’i ,y ■, to R. (Tcxbl« 1 ) 


Analytical data: lit (film) .’.jnOcm * l ('rN) 

1 .101) -1050 cm' 1 (C-l-1 

Preparation o£ |> i l I ihux a I kv lot her Oiam iOinp (II, NM! e lly • 17111 Ml,) 

ml of Mlj war. coadeir .ed into a 100 ml three neck tl.rk equipped with a 
dry-ice condenser, an Nil. eas inlet , and an addition funii'd. A solution of 10 gin 
perl hwroalkyielher dinilrile in 10 ml of Freon 113 was added drojwise into the , • 
flask with vigorous «*■ irring. After complet ion of the addiLieu, excess assnonin 
and Freon 113 were rei'mvd under vacuum, Perfluoroal kvlether di ami dine (JO. 5 gm) then 
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was col Uvtcd without further purl Heal ion. v 

Analytical data III (film) • '» 3200-3000 an * (A/W). 

1684 cm’ 1 (ONI 1 100- 1050 an’ 1 (i:-l*J 

c 

l' reparation of parf lu>u\>alkylet her>.f inihlovlamid in**) dini t ri l ** ! T ) 


To a solution of 20 jyn j>crf luoroall.y Lother dinitrilo in .’0 ml freon 113 wa. - . 
added droi^viso the solution of 10 gm port'Liioronlkylctlioridiamidine in 10 ml 
l : rcon 113 with vigoro is stirring for 2 hrs. Afler •ov.ni'orat mg the solvent, 30 gr. 
of ])crflunroalkylci!tcrNf.imiiloy latnidinc^dinilri K* (I) war rr-overod. 
lil’C: ^ Sfor 

Analytical data: 111 (film) 3500 3440, 3130 c..* 1 (X-t!) . 2260 C< : *0 

1652, 1602, 1520 cm’ 1 ( - c s-d-C- ) 1 400-1030 cm’ 1 (C l*) 


) 1 400*1050 cm (Ci 1-) 


Preparation of p< •rfl nuro n 1 kv I o t her* ( imidoc I amid i in*) •)! i ami di ne . 1 2/ ) 

To 30 ml of liquid aim ion in was added dropwtse perfluoroalkylcther (imicloy lamidinc) 
dinitrile (I) (30 gm in 30 ml freon 113). With vigorous stirring for 3 hr::, 
excess ammonia and solvent were then removed under vacuum and 30 gin of perl luoroalkyla 
(imiiioyjamiJine) diam dine (11) was obtained without further purification. 

Analytical data: li* ilili.it 3000*3000 cm 1 (Ml) I6SI cm ((.*)•). 103.1, !6o2, 

1520 cm l , (-£-*/.= T"- ), Mott- 1050 cm" ! (ill') 
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Preparation of pet-fin n oa I k y l c t lu?r y ( i mi doy 1 am i <1 i noV<d i ni trile I IT ) 

iJU M ** if* 


r .7 l rx n T >» T* / 

fJe - R^ - ^ -A' c- Rj'C*.iJxC - c — -tv 

w 


!'J y;:i of peiTJuuroa ll.) lctheuVlimidoylamiJine) .diamiuiiu' in 30 ml l-'ivcn 113 was 
added dropwisc into :i solution of 20 ym perfluoroal kylothor dinllrilc in 20 tal freon 

I * • •;••• 

115 with vigorous stirrinj', for -1 lus. Allot- removim; the solvent, under vaciusit 50 ym 
of pcrfluoroalkylethor ( iinidoyl.-imi dine) dinitrile (II M was recovered. 


. I 


Analytical data: lit (film) 3000*3000 cm (N-ll). 

. -l V V , 

220U cm" 1 (*C £ N) 1650, lt»02, 1520 cm ) 1400-1050 an (C*l ; ) 


Preparation of pcrflm »roa 1 ky I e l Ikt » ( tr I :izi no )» d i n i t r i l o (IV ) 



'lu 100 j»m of per : luorua 1 kylet her aend anhydride war added 25 £n of 


porfJuonulk>'lethciV( imidoy lataidine)-dinitri le (III) in 30 ml Prenn 113 with 

U 

vigorous stirrinj* tor 2 lirs. After removing the solvent under vaetun, the side 
product, perfluoroulk) lether acid, ainl excess per flue- real kylcthcr acid anhydride 
were pumped out hv vau:u.a distillation. 35 gin of perflumoalkyl ether (triasiuc) 
dinit rile ( Ivj was obtained. 


Anal yt ieai 


22M) on* 1 f-On 
1550 on * (t riar. inei 
1100-1050 cm' 1 (C-n 


I It (iih.il 
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Prcp ar.if 1 icm of high i at l'« > i i..ir.i e f Iiio:h>:i 1 l.v I « t In-; 1 1 * i . i . j* Ha stumor*.; . 

35 gm of |*cr l’li:*? 1 0 : 1 1 Ky J vlluTvCL'^insi t. ri le (IV) was treated with 


liquid ammonia anJ then healed in an oven ai lor I days, ’ll to resulting 

product ’was a light t in peri luorna ll.yletlior triacino elastomer with excellent 


properties, 


•1 


Analytic data: lit (film) lSf»() cm (Trias: ine) 


-I 


MOO- 105() cm (IH) 


Results and Oiscnssien :.- 

Perf] yo run lhyl ether dinitrile reacts with ammonia rapidly to form the 
corresponding diamidiae. AJH 

- D - <L * • • l I ) 

NC*R f -l>Mi,(!) (excess.) — * ^a/> K f 1 ' 

UiMctii"! (1) was inst int.imou and gave near I0n.' yield, 'I he addition •> i 
perfluoroalkyl ether duimidi.ie to perfliwroalLyleilier dinitriie produced 
perf llioroa Iky Jet hu’\ (link! >y I arnicine) »d ini tri le (11. 


fJH . 1 11 Vli 


M*. • W V"i it I / 

,^-^- 4 /^+ A-^-cC » 

(t; 




-I 


The formation of imid:>y lumidine semiring was indicated hv IK hands at l.'.n cm , 


- J - I *' 

1G00 cm ^ J 050 cm . Tin- yield of react ion ( 3.1 detennined h) molecular weight 

• re',1 


distribution moasurivu'nts ((il’d) was^TD'L 

In order to control molecular weight dist Hhit ion, it is very critical to 

have excess liquidising tin i a in Uesitliou (1). According to Reaction (2) any imroacted 

* • 

perf 1 uoroa J kyl et her d nitrile would react with perfluoronl kyirthcr diamidine to form 


t lie imidoyliunidine linkage that would broaden tin* mn'cctilar weight distril'ut ion 


1 •* s . .* 1 : f 

thcrraftiT. Also the order of addition is*.v'iy important in control mg molecular 


weight dirt rihut ivti. Any order*, differ from the previou ly described would result 

v ... v;_ 

in broadening molecul; r weight di*.l rilutt ion. 
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* 

IttfiTuoronikylcl'ier’d uaiJnylaniidiite) 'tlinit ri U tl) was added into excess 
liquid aninonia to «• i v*.» |»or Tl 1 K>* I ct i:n i vfc»y I ;m» i il i ;tmic! i nc (II) 

AiH vK . /*_,] M 

> 1 , 1 ) — 

(u) 


MW 

tlC *1 ^*<Uo/rC *♦ A/Wj 


cV 


Repeated reaction (2) liv usinj* per fluo met Iut\ ( it:iiilnylnmdihc)Alinmidine (II) ... { , :• 
instead uf pc r fluo run Iky let Iter dinmidinc, tin* pc*r fliK» r%vi I l.y I cthor^f imi(!o>* l£«:i id inc)— 
dinitrile (111) was obtained. The molecular weight di.t rihut ion curve f •' ilXlj 


A/M 


a/Wj, 


i-J- Rx ~ ca/ 
f IT) * 


indicated that — hi of t Ml. Ml) 1 '.'ClI 1 C v ‘ fine r )i* • length of COt:i|KiUtlU III. Table (I?) 

11 tec ret ically by using this stejiwiso method, one should he able to build-up 


molecular weight as large a one wished. However the longer the chain is, the 

C * I 

slower the reactions'll ho, aul the lesser molecular will Ygock the desir'd 
l cni: Ui. * a,c 


The, addition of eniiqxiuiul (ill) into excess per fluorna Iky! ether acid anhydride 

« 

closed imit!oy];uniiline -.nit i-r i n>* and gave per I'luoroalkylet hoi yft riaiineivdini f r i le (IV, 


V«x 


D-cJ i 


Y J + 


ceoH 


V 


tw . 

ilte use ol excess acii! anhydride served as the drying aj'.eut to remove water produced 


in this ring-closing react it n. 

Ini., stepwise ilia in Inti hl-up method allows one to con: ml molecular weighs and its 
« 

dist riluit ion lrom the lilt! inu|«x ul.u weight disl riliil ioii rn-nsiireinent a yield 
was obtained fur ccnpound 1 1 V) from start inp. nut er ia Is. 



Linear prcpolymci* (IV) was converted into amidinc form and heated nc* 130°C 
oven for four days. ‘Pie lij'.ht tan thennally stable perf I uo milky! ether triasino 
elastomer were obtained with the proposed structure of cvmjxniml (V). 



The enreJ peiTluoroaUy let her trin.:inc elastomer had a (Moss transition temperature 

j • 

(Tj;) Dl' -4Ti C, and was hydri lyt ica! •.•.table in I •* » i l i n»: water for two weeks without. 

any )»«• i e.ht less or properly Jet vrioi.it ion . Isothermal weight losses of this material 

' ‘ 3 4f!4lu4/*r 

were v.ensuml and ;m ! i led in Table (lv) together with 1 ,3 - per 1 1 lit) roa l ky 1 ethel 't!TTar tit 

elastomer am! |*)lv (t i i I'liioroproity imei byl J/si loxane) lor comparison. Isothermal 


weight losses 


ana ia>iv it ni luoroprojiy imct nyij/st toxanei 
l.}S- per^urf/sAltwI^wt^U^ 
SCS of tbis ^ 4«4; " -rri .T r r -TiM’ f IrKUilK: elas 


astemer both in nitrogen and air 


\X* J 4r U 1^* k y 1 

were nimh Jower tluir^.-rriu*)ii)alk\Metbt^rr1a:'.ine elastomers, pcrfluomalkylethcr 
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In cuncln: ion, this s 
to extend the* duiiti*l 
molecules weight and 
trinzinc elastomers w 
stabilities which pro 
npplient ions. 


touwise s\ nthc:. is method lavs n wav which allow:: one- not only 

aUc 

nj-ih of perfluotvalkylcilior |*’lywcrs I nit to control the 
it:. distribution. By this method l-i.C petTluoroal hylethor 
is synth< siccd ami it offers excellent oxidative and thcmil 
ivide ilsclt>vi jotcntial candid.ate for I'utuie high temperature 
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Tabic I 


Molecular Woii'ht Distribution of IViTIuo inalkyl ether Aciil I'luoriclc (<j C) 
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I’erfluoroal hyienecther Triazine Elastomers (II) 

The search for the l;*j;h perf ormance furl-tauk sealents In the past decade 

1 2 

has resulted in excellent elastomers based on fluorocarbon ether ’ . In 
our earlier paper^, we reported that an Improved perf luoroalkyleneether 
triazine elastomer was synthesized stepwise and exhibited high thermal 
and hydrolytic stability, and oxidative and chemical resistance. It also 
provided a way to control molecular weight according to the particular 
physical properties desired. However it was later experienced that with 
the stepwise synthesis method, the higher the molecular weight goes, the •* 
lower the yield turns out. To encounter this difficulty, perf luoroalkyleneether 
dinitrlle(F.DAF-dinitrile) was first converted into perf luoroalkyleneether 
diamidine(EDAF-diamldlne) . EDAF-dlamidine then reacted with EDAF -dinitrile 
in Freon 113 solution to give linear poly(EDAF-imidoylamidine) . By 
controling the molar ratio of EDAF-diamidine to EDAF-dinltrile, the relatively 
high molecular weight poly (EDAF-imidoylamldine) can readily be obtained, and 
the thermally cured perf luoroalkyleneether triazine elastomer showed better 
physical and mechanical properties. A similar method has been applied to 
obtained- high molecular weight perf luoroalkyltr iazine elastomers^*^. 


•/ 
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EXPERIMENTAL 

l,l,2-Trichloro-l,2,27trifluoroecl>an(Freon 113)purchased from Fisher 
Scientific Co. was distilled prior to use. Perfluoroalkylether diacid 
fluorides (EDAF) FOC-R f -COF, where R f is 



and m+u * 6 to 8, wore purchased from Technochemie GmbH - Verfahrenstechnik. 
Perfluoroalkylether dinitrile(F.DAF-dintrile) and perfluoroalkylether acid 
anhydride were prepared as described in our earlier papers. 

Infrared(IR) spectra were recorded on the Nicolet MX-1 FT IR Spectrophotometer. 
Viscosities were measured by using a Cannon-Ubbelohde viscometer (size 50) 
at 25°C. 


original PAGE is 


*. 


Porfluoroalkyleno-cthcr Triazine Elastomer Synthesis 

Anmomia was condensed into a trec-ncck flask containing 20 ml Freon 113, 

and equipped with a dry- ice condenser, a gas inlet and an addition funnel. 

The mixture was stirred for 30 min. The excess ammonia and solvent were 
then removed and a viscous product which was identified by IR as 
pcrfluoroalkylenc- ether dijunidineCEPAF-diamidine) (lOg) was obtained. 

In a typical polymerization of the EDAF-dinitrile and EUAF-diamidine, 

*1 

2.5g of EDAF-dinitrilo was added into 2.5g of EDAF-diamidine in 5 ml 
of i'recn 113. The reaction vessel was immersed in a 50°C oil bath. 

IR and viscometer was used to monitor the degree of polymerization. 

'Hie reaction was complete when the viscosity of the reaction solution reached 
a plateau. Ring closure of the resulting polyperfluoroalkylcne- other - 
(iminoylamidinc)dinitrile was done by following the method d^ribed earlier^J 
a clean viscous liquid was then obtained and indentified as polypcrfluoro- 
alkylenc-ethor(triazinc)dinitrile. Ammonia saturated polyperfluoroalkylene- 
cthcr(triazinc)dinitrile was heated in an oven at 150°C for 3 days. The 
aired product was a light tan pcrfluoroalkylenc-ether triazine elastomer 
with excellent properties. 
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IUSULTS ANI) DISCUSSION 

So I ut ion polymerization of perfluoroalkylene-ether dinitriles (EDAF-dinitrilc) 
and HnAP-diamidincs in Freon 115 solvent gives polypcrfluoroalkylenc-cther- 
(imidoyl amid ine)d ini triles, liy reacting (n+1) moles of FIWF-dinitrile 
with (n) moles of 1'ilAF-diamdine, polyperfluoronlkylcnc-cther(imidoylajaidinc)- 
with nitrile (-C*N) terminal groups was obtained. (Scheme I). 


WV 


( hm ) fjc-fy-ctj + <V) f’ R j- C 


'"Hi 


aJ i tf 

A ’ c {■ V ^ 


- Cfj 


saii?i.(i) 


'flics degree of polymerization if this reaction was monitored by IR spectroscopy 

;.n<! viscosity mvasirniu'nts. Nitriles groups (-C 5 N) gave an IR band at 2260 C»M 

u * 

•.dii to .imidoyl.’imidine ( — - c ~ ) showed three bands at 1520, 1600, and 
lii5() cm" 1 . The ratio of IR absorbance at loOO cm"* and 2260 cm"* w^s used to 

m 

estimate the degree of polymerization. (Figure 1). In general, the 
polymerization was complete after the viscosity of the reaction solution reached 
a plateau. Hy varying (n) in Scheme (I), a wide range of different 
molecular weight iKilypcrnuoronlkylcnc-ethcr(imidoylnmidinc)dinitrilcs 
were prepared. 

Tlie solution polymerization of KU\F-dinitrilcs and FJl\F-dinmidinc is a slow 
process at room temperature and it needs several dnvs tn *• 
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■* 

At higher temperatures the reaction is faster, however, crosslinking 
reaction could interfere anil reduce the polymer c'ain length.. The 
polymerization is best carried out at temperature around 50°C. 

Under optimfin conditions described in the experimental section, A 
polyperfluoroalkylcnc-cther(imidoylamidine)dinitrilc with molecular 
weight around 15,000 was prepared without any difficulty. (Table I).. 

The addition of polvporf luoroalkylcnc-cther(imidoylamidine)dinitrile into 
perfluoroall.yl acid angydridc produced polyperflucroalhylcne-ether- 

(triazinc)dinitrilc. The resulting polypcrfluroroalkylcne-cther(triazinc)- 
diniirile was then convert'd to the corresponding diamidinc with amnonia 
and heated at 150°C for three days to give pcrfluoroalkylene-ether triazine- 
clastomer, Tabled Q illustrats the physical properties of two perfluoro- 
alkylcne-cthcr triazinc elastomers with different prepolymers. It is 
concluded that the thermal stability aind mechanical properties may be 
improved by increasing the chain length of the prepolymers . 

Figure (II) sliows the thermograms of perfluoroalkylcnc-cther triazine - 
elastomer# in loth nitrogen and air. The elastomer was thermally and oxidatively 
stable up to 300°C, Table (III) illustrates the stabilities of pcrfluoro- 
alkylenc-ether triazine elastomers in boiling water and 50* solution. 

It exhibits an excellent stability in both boiling water and 50* IUSO4 


solution. 


■i 
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l 


In conclusion, it is demons tra ted that a modified synthesis metliod has 

been achieved to overcome the yield problem of the stepwise synthesis 
method. It also provides a better way to synthesis high molecular 
weight pc rfliioroalkylcno- ether triazinc elatomcrs,. The physical and 
mechanical properties of the elastomers synthesized by the modified 
method were better compared with that uehived in our earlier papers. 
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TABLE (I| PREPARATIONS OF POLY ( INIIXMAMI DINE) DINITRILHS AND nEIR 
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Modi f lcntiuu of Epoxy Reinforced Class Cloth Composites 

C 

with a Pcrflunrlnatcd Alkyl Ether Elastomer 


Synopsis 

A perf lunrluAted alkyl ether ULacyi fluoride prcpolymer of high molecular 

i 

weight was eo-reactcJ with KPON 828 epoxy rosin and d lamina diphenyl sulfone 
t n obtain an ul.istoi.ier touplu i:«. d glass cloth composite. Improvements In 
flexural toughness, impact resistance and water resistance without loss of 
s»r<'it’h, modulus or a iow< ring of the glass transition temperature were 
roali/.id ov» r that ot the unmodified composite. 

Introduction 


Fiber reinforced epoxy rumpositoa have found widespread utility as 
structural materials. They have the advantage of having both high strength 
and high modulus to weight ratios, making them particularly useful in aero- 
nautical and aerospace applications. The main drawback to these high modu- 
le! material.; is their luhorint brittleness which results in low Impact 
strength. 


laihancoment of the energy absorbing properties oi thermoplastic .and 
the i .insetting resin sydru depends not only on the degree of elastomer/ 
riM-ln computability but also upon dispersing the ruheor phase and controlling 
iL.-i particle slr.o. In order to obtain a dim rout rubber phase there must he 
a ihv.rio of lncimpa.il lii'y between rubber and rosin. ^ Hut, to Insure effi- 
«*lent energy transfer, there must be molecular interaction between the two 


2 
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phnsufl . By controlling the amount of rubber added anti the reaction cond Lcions 
an empirical evaluation of the relationship of particle nizo to mechanical 
properties could be made, utilizing scanning electron microscopy. .. . 

Lutadi'eite • Acyledf'k ^*f 4 y 

In prior work, mostly In tin* CTUN* modification of epoxy resins, touglmlng 
lias been realized with a concomitant loss of modulus (stiffness), and the 
ultimate use temperature of the plastic.^ Ideally, one would like, to Improve 
toughness without comp run! sing the other properties of epoxy renin systems 
that make them so useful. The work presented below concerns this problem by 
utilizing a high torperat arc, low modulus put Cluo-r Inated alkyl ether diary! 
fluoride (hilAF) llquil piupoLymer to modify an existing epoxy system. Tt will 
be dctmmst rated that this elastomeric prepolymer combines, to a certain degree, 
molecular juror -p.it abil i t.y ar.d chemical interaction Lc obtain toughened epoxy/ 
jjl.vs cloth composites with high modulus, strength and thermal stability. 


Experimental 


Formulation 


Linear EUAF is a liquid prepolymer with pendant acyl fluoride functionality. 
It was obtained by I’Clv iU'si-arch Chemicals, Inc. of Gainesville, 'Florida. The 
structure of F.DAF can he represented as: 


cp s c Fi 

C F 2 £ , l \ J —• * 


t 

# 

c 

I 


(where m +11 


j to b; react I vn equivalence is 725 gcamu/equl valent ) 
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• ,4 1 -DlaniiiiitJii iifityl mil Tone (DUS, 12* gram.s/e(|ol va I out) w.ij u-.rj ns the 
curing agent. UL)S was obtained irum Ciba-lleigy Cor pur. 1C Inn of Ards toy , New 
York under Che trade name El’OIlAl.. ETON S28, a diglyeidyl other of blsplu-nol 

A (D"Ki!A, 189 grams /o«|u l va I out , as determined by the pyr IcHnlum chloride 

u 

method ; w.*a puiihasid ! rota the Shell Chemical Company. 

EPCN 32T was diss*. I v.-.l in enough acetone to oh tain 50/. solids in the 
final mixture. EDAF was then added and stirred for 15 minutes to pre- react 
with the epoxy. DUS was added and stirred until the s'olution became trans- 
parent Scotch lone try was determined by starting with u control batch having 
777. F.PCN 828 and 2ji*. DOS by weight and adding varying amounts of EDAK by 
weight to make the mod i ! i c.l samples. To maintain the reactive stoichiometry 
constant from sample to sample, equal equivalences of DDS were subtracted 
from the control formulation. 


Preparation 

iieaf resin samples were prepared by taking the above formulations and 
p.'ti: ini' them i tit-* .. I« r ;*!i ti uiperatiiro HTV silicone dogbono mold. Using vacuum 
and h.e..r tin- -n}vi.ni was carefully removed before gelation. The temperature 
was rained gradually la 150°0 lor 1.5 hours to facilitate curing. 

• • 

The fiber glass/resin composites were prepared by painting 12, 12 Inch by 
10 Inch satin weave gloss fiber sheets purchased from Uniglass Industries, 


style U1-01-77UI, flui-.h UMb'j > (an A-1100 amino silane sizing). Prepress 
wine ti.U'l t- by staging at I'.'I'V. tor 5 minutes and 120 4 'C for variable times 
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depend lug on EDA l 1 ' content. After lay-up, pressing was dune at 150'’C aqd 
SO psl for l.S hours. TIu laminates were Cooled at room temperature to 
avoid warping. 


Infra -red Spectroscopy 

The mixture oliiJit.nl i:i che lormulatUm was painted onto NaCl plates. 

• i 

Tho progress of the cure was observed by the disappearance of epoxy bands 
at 9l5cra'^ and hSi/oni”*, primary amine bands at 3410cm"^ and 336Scm and 
tin' acyl fluoride band of EbAT at 1835cm ^ . The reaction of epoxy and 
EDAF resulted in an ester linkage as demonstrated in the appearance of a 
car Sony 1 band at 17/ 5cm' 


Thermal Test'Ll »* 

The: curing cliur.u tori sties of tlic resin system were studied with n Du- 
p.int 901 Cel! "»;»ae/d‘.'0 Differential Scanning Calorimeter. Thermogravf metric 
anal •••sis was .It. no with hul'ent 951/bhO Thermal Analvr.ir. 


Morplm ! ugy 

V 1 . • 

The fracture aurl’ n es obtained from tensile fracture of the neat resin 
dogbuneu wore pl.ttod with Au/l’t and iiu>lit.l l»y scanning electron microscopy. 
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Typical v 1 notion micrographs ate shown in Flj*ui«* I. Micrograph 0 show:; 
a uniformly dispersed rubber phase in tlu* brittle epoxy matrix. 

Mechanical I'd t Inn 

Tlu* neat resin doghoiiis wore tensile tested accord In.* to ASTM desig- 
nation D628-68, Standard Method of Test for the Tensile Properties of 

< 

Plastics . 

Test samples' were cut from the fiber/epoxy laminates for dynamic 
mechanical analysis, 3 point flexural, tensile and short beam shear tests. 
Dynamic mechanical analysis was done on a DuPont 980 UH\ , interfaced with 
a Digital MI!!C 11 instrument computer. The flexural, tensile and short beam 
shtar tests were nude with in INSTRON mechanical tester according to ASTM 
procedures D790-70, D>>38-b8 and D2344-7b respectively. The short beam shear 
samples were Impacted with a Gardner typo ball Imp.ictor. Each value in Tabled 

*n<J I 

1 Represents the average of at least 6 samples. 

Boiling Water Test 

A control and an Ei)AF modifies doghouc sample were immersed in boiling 

. • 

water for j weekfi and weighed at intervals to dctomtne resistance water. 
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Hi 1 nils and Discussion 


Hi** Impact of tlu- amount of KIIAV* wum nmer on the clicrmogravimet ric , 

o f Me neat 1 eestt 

/ 

dynamic racdumii.il m«l tensile properties la shown in Table I. Studv reveals 
tti.it the addition ol FDAl* only slightly lowers the thermal stability while 
ra i ■ i iif* the position ut the dampening peak in the temperature domain. The 
tensile properties improve dramatically at 3.0 7. EDAF over that of the control 

i 

ant! then drop oft at higher concentrations. There appears to be an optimum 
of tensile rclnfnre em.int at the Z to EDAF level. 

It was observed i;. the scanning electron micrograph* lb.it at low coticcn- 

b 

nations ol EDAF ( r r >".,i tin re was no distinct ruber phase (see Figure in). 

As the percentage ot IDA? was raised to IQ/i a very distinct rubber phase 
(seen as spheres in Figure Id) was observed. Therefore, It seems that tensile 
reinforcement is optimum wlien no distinct rubber phase has beer, termed. 

Table 11 documents the change of mechanical properties with a change 
in the amount of El)A“ in the ErOb'/DDS/KDAF glass cloth composites. Obvious 

1 1 cti* 'a in toughening, an. I strength arc seen along wifh conceit improvement of 

Tulle TIT. Il»j)v*isj Iks <*»{**» + T«lil4twt* «f •«Uli«4 W fk*i t£ H<. 

ti:< Lei..perat ut «• po ; lieu ol ibe DM) dampening pouU.yi It is most intere K C ing to 
llMiftivk'l • * ~ 

m»r« Chat f!.:;iral '.•mghn. .o.J short boar* shear properties after in pact have 

been improved •.Mti.out i ■ ‘..ipre.iii i uv, strength and modulus. In fact, there has 

. • 

been a n 1 ga i f i c .ml i mi ease in strength au.l modulus along with improvements in 

t. IlghiluJS . 

The tonsil. properties of the composite show the same general trend of the 
neat resin dnghotics. ibe flexural and short beam shear after Impact proper- 
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lies show rn.-ixiir.unis in the 7 to 10% EDA” rnngu. Drawing from Chu electron 
micrograph* ono could cun c lml u that, tensile properties arc optimized when 
the extent of EDAF/L?l>h copi'lytner Lzation results in • continuous matrix, where 
the F.DAF/EPON copolymers nrc evenly distributed throughout the matrix. Tltc 
inht rent incmni'O c lb LI ity cl the fluorocarbon and the hydrocarbon lias not re- 
sulted in phase separation due to the relatively low concentrations of the 
i'orr.i-r. Compare. Figures l and IT. As one raises tire concentration ef the 
KT'AF, regions of KDAF/EPON linear copolymers coalesce into spherical particles 
that become more distinct. from the hooopol ymer ic matrix. It Is at this point 
that the flexural and Impact resistant properties arc greatest. 

The improvement in dynamic mechanical properties arc not easily explained 

morphologically. The dampening peak in the DMA experiment can be thought of 

as the glass transition temperature (Tg) of the composite and is indicative 

of the maximum use temperature of a material.^ The addition of elastomers 

normally results In u lowering of the Tg. Chemically, it could be said that 

the highly electronegative fluorine atoms of the modifier afford a greater 

opportunity lor hydrogen bunding. This would result In more lnternolecular 

interact ion and therefore, a stronger matrix. It would require more thermo- 

dy.i.i :lc energy to nviaomw this bunding and an upward shift of the dampening 

peal, in the temperature donut In results. 

* • • 

Figure III. Illustrate:* the weight gained by neat resin samples immersed 
In hoJJing water for !> wce>'.i. The EDAK modified sample shows s weight gain 
that is 30% lower than that of the unmodified control. It has been demonstra- 
ted that the introduction of long chain perf luoroalkyl modifiers gives epoxy 




if 


res! ns 
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ef Increased w.atuc rol.U mu. The hydrophobic nature of the f l no r ln.it cd EDAF 
excludes water from the matrix. 

('one 1 1 id 1 iii* R'.ni. i r It •; 



The wide spent, cum of resold* from the various experiments demonstrates 

' 

thot tli c physical characteristics of the EDAF modified epoxy resin arc 

i 

complex. The increase in Tg Indicates that on a chemical basis, an Increase 

1 

in crystallinity via hydrogen bunding (-11 • • • * F-) due to the addition of EDAF 

I 

has overcome losses in Tj», expected by the greater dampening effects of the 
nlastcmer. Strength, modulus and coughr.crs, both flexural and tensile, In- 
creased. This Indicate..: a situation where reinforcement has occur «-J chemi- 
cally ( via a i ro: > I i liked , hydrogen honde<! olastl omer-epngy copolymer /epoxy 
".I’rix ) an. I jihy; i.*‘lv i, •• { .« a rubber phaao/hr itt I e polymer interface ). 

The physical . i ♦* n 1 ! i i i • of this i.. th.it rorpkoluglca l ly there arc 
n v.lous of an ul.i:.ti>u> i -e|»ee ,• copolymer phase chat Is chemically linked with 
tlu hrlLtlr e;’o.:v-di ;m::n eon l matrix. This system maximises toughening 

I 

rl.i . •m*!i the m«uh.«ola:na el i uH>.t energy absorption, dilation ((roe volume) 

y. ••! J i a,: , optimum rnh'.HM contont, particle size, particle shape and Lnccr- 

phusc adhesion. All th »•<.*. can be Incorporated Into the craze/crack branch- 

• 

7 * 

lug theory. Perhaps this system esu be more appropriately labeled as a 

6 

Simultaneously Interpenetrating Polymer Network or SIN. There exists a 
phase, where .there Is an SIN of thu o l -returner /epoxy copolymer within the 
epoxy /diamine copolyuur. Here the rubber content Is high and makes up the 
energy .absorbing particles. 'fh«-r« Is then a gradual change or gradient that 
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secs cl»o coupon It Urn pi^reas from the rubber like StN Into Che hrlttl{* 
epoxy/d 1 amine matrix, in lhit> situation there 1 m no abrupt Interface. 

Adhesion between the rubber particles anJ the matrix Is greatly enhanced 
and a more completely linked network la pus ilblft. Now, other properties, 
such as Tp, strength and modulus arc not diluted by the addition of ulu.lomcr. 

An SIN was produced by the simultaneous reaction of cwo independently 
crust linking polymerizations in the same vessel. Thu actual dimensions of 

i 

the dispersed rubber phase domains and the extent of molecular mixing between 
thf components depended upon the relative polder laat ion rates cr reaction 
gel trr.ee in relation to the time of phase separation. Further optimization 
of toughness was achieved by removing reaction conditions slightly from 
simultaneity (i.e. the actual reaction rate of the epoxy with EDAF is faster 
than t:iat of the epoxy -nd the diamine). 
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Shore Beam Shear - Impact Properties 
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Figure It. KLurtr.m -iticrograph of cho fracture surface of 
neat r<sln contain! ut’ 10"/, EDAF (J00V). 



L,i/C 





|VjL « 

jftG&Jj! 

£-7 



11 






of wSi a 406 » 

POOR QUALITY 


F i j* me III. 
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